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Introduction 

The KW12 Clock is an exceedingly Pie eet ae 
‘go blowing discussion la designed to present. a functional "Dig - 
picture" description of the Clock and its features. 

_ Pulse Generator - Counting Rate” 

Ae | __KWI2 has a Variable Time Base. ‘The counting rate is. 


"selected by program control. 


External input ——— | | =—— 100 cps uence 


a ete As ken eee. 





‘ghe: external input line enabigs ‘the weer’ 'to utilize 
 aatercal apehin Veodhuai Lind teqiendg law «ina bua oe € a 
Simply: count. Girceraal events: oF | yeas 

"The crystal-controllea pulse generator has an accuracy 
soagtee es gee ee ere et ee ee 2 ee | 


Counter Register 


Each generated pulse causes the counter to be incremented 


oe by ones 65 
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The counter is a 12-bit register and counts up to 
eon. and tien’ "overflows" on ‘the Sexe ue. “The apeEt iow: ac. 
can be detected by an interrupt, skip instruction, and/or read 


-gtatus instruction. 


Bye ey Eee. -- Counter Register | 

oe —~ as i ee ene 
overflow mecaameectartos =o 

a ae 





“External Input ao a aes cps 
400: ke a) _ Na S kes” 


100 ke 10" ke 





Fe aan eter tine Ae ae ues 
‘Buffer/Preset Register ee a a | 
The buffer/preset 3 register ties he. clock to the PDP=12_ 


accumulator. Tt has two tcustiohar 2 
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re io: peaded ne Gupeenteecne nee of the counter into 
the AC (to see ae aes it is). 
2. To set the counter to ee aera ere value 
and allow it to count up from that number to 
~ overflow. 
‘This means that the user may select not oni the, 
pulse generation or counting rate, but may also 
- determine how many counts will cause a detectable 


yea esos ae overflow. 






PDP-12 Accumulator | 12 bit — 









| Buf fer/Preset Register. & 12-bit - 





“ Counter Register | “12 bit. 





hee 8 se Generator 


. The user program can read the counter by loading its _ 





contents into the AC through the buffer/preset register. ee, 
The user program can initialize the counter to a start— 


ing quantity by loading the counter from the AC through the _ 





ss puffer/preset register. 


ues 
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' Tt can nee ene that under program Sony ois: 

“.-> counting rate is selected. 

2, Counter overflow is detected. 

3. Contents of counter can — transferred to AC. 

4. Counter can be reset to a known value from AC. 

“The question now is how does the program know when or 
ighGlihe ‘odes alafox kenek che’ Glguk-Gounkex: ‘This depends upon 
the eee Benes a acid evens a teh With Che proquencis 
“dealing. External events eal Gon detead wil tee input 


channels. 


e SS Pay wt Synchronizers | : oo. es ot : — oa on 


Each bE he rece wna ons aneic ineorsératesca Schmitt a 
"trigger with pulse generator and associated logit. Le 

‘The clock control panel allows selection ed 

as tapat' etenal’ voltage threshold (iS volt: range) .- 


.2) Either positive- or negative-going slope. _ 





‘ eS 2 
PULTE | 





When these preselected conditions are met, the input | 


eo signal ie converted +6 a progvam-detectable event. 








When such an event occurs, the program can take appro-_ 
_ priate action, such as reading or resetting the counter, incre- | 


“\ menting an event tally, etc. _ 








- Input 
Channels’ 


#3 


#2 
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Accumulator }9 


3 sie peel Clock Controller 


Overflow ‘* 
-_ 





100 cps 


ee ae aa Ke 


ee ee eat oe ye ne 100 ke fs‘ 10 ke 


Pulse Generator 
Note that external input. channels are selected under © 


"Program control. ‘The voltage threshold and signal slope are 








“selected via the control panel. 


.-, Input Control Panel 





“Source”. ~ Threshold 


Line Freq 























Glock Control Register 
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. Jacks — Input i. axa -coursut 1 are phone jacks. ‘a output is” 
oe iat eee daisy-chaining to sneener aneue. ap 
eee. as 
Source - Input signal slope selection. Also line voltage 
selection for 60-cycle/50-cycle timing or counting. 
Threshold - Coarse t5 vole Selection: 
Program control of the clock -includes eneruise of three 


-mMmanaging registers. 










Clock Control.Registey _ 
e _ eee oe 














- Buffer/Preset — | 


Overflow f 
nnn, 


+ | Aig 3 Counter [| 








| Clock Status Registey 
: | aes. i 





_ This register selects the counting rate and mode of : 


“CTS dlock operation. It is initialized through 8-mode IOT instruc- > 


tion 6132 - CLLR (Load clock control register from AC). 
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ac [gil] BEE)  fey7qe] = [pdr 
Counting © > Mode © any . , Input Simulation 


Rate = —~_—s- Select © ‘(Por Diagnostic Programming) 
Select. | : | Fae 


icumdine Rate 
‘acs | 
IBD sop 
2) gay Ces * 400" ke | 
g1g--  * 100 ke 
Se gu tock 
gh 100" cps 
ae from channel Ly ee 
Hl sTop 2 


| Modes of Clock < Operation, 


Pea. 5 





(998 - Free Running Mode - Counter runs at selected rate, and 
oe eas every y 4096y0 counts. This mode ae 

S pibbabip not too useful except for producing avartiow, 
"ticks" | every | (counting rate Oe 4096) second. ore oa 


easy to understand | 





é Soanting et 19108 —> 7777» overflow eee 


wee ee u : e 
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991 


| ber of counts desired before d tigiocaus _ a = 


Free Running Mode with Preset — Counter runs a selected 
rate, and when overflow occurs, the contents of the 
buffer/preset register are transferred to the counter 


and counting continues. 






'(_Buffer/Preset 
Coun 3 


Counting, 






> 7777 > Overflow 


‘This mode allows for an overflow event to occur at 
- predetermined time intervals. 
The buffer/preset register is usually initialized © 


to the negative value (two's compliment) of the num— 


_ Note that the overflow flag set in. ‘the above. two modes remains set 


Cue 


ohne euntil: cleared by ‘OT instruction 6135. 


“Event. Timing Mode with no resetting. Counter runs 2 


at selected rate, and on the occurence of an event on a 


= selected input ‘channel the Gontent of the,counter. 
eae ‘transferred to the ‘wufter/preset ee: and the 
pra shaa Ainki alan eae count. via tele ie pee for 
Foclac By Gad Lie ose a 


event to subsequent events. 





: i —— 








ogi 
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-A poststimulus- histogram (PST) could be generated 


using this mode. A stimulus could be issued to a 
subject and the time to succeeding neuron firings 


could a 4 
7 Neuron — 


tt 1 


Stim -_ = 





Event Timing with Resetting to.Zero ~ Counter runs 
at selected rate. Events on channels 1 and 2 can 
cause the transfer of the counter to the buffer pre~ 

O° get Eégister and the counter will continue to count. _ 

an event on channel 3, however, will cause the counter 

| to be cleared after its contens have been transferred 
ee te the buffer/preset register. 
o whis” mode is nicerul: in “restarting” ‘the counter on 
Re a oe dag not athe others. For the a 
"above example, another ev ime Jon channer a-eculd 
cause clearing of counter for timing following neuron 
"firing with respect to the second stimlus. It can 


also be used to record the time between events. > 














Clock Initiated A D Conversion 





100 000 






101 are identical to] 001 except that the occurrence oe 


.| 119 010 overflow ari trigger the A/D | 





\an 7. {ou Jconverter if fast-sample func-_ 
E es ey | a tion is set. 

Ciock Enable Register 

The “who will do it register 


ayes ‘Selects che input channels which are to be active 





‘comets interrupt enabling for external events, 





and overflow pflages 
3. Allows: initializing of counter from ‘buffer/preset ate 


pee eeer 


‘Channel 2_ Channel. 3° 
“channel a interrupt interrupt 
“interrupt enables enable se 
_ ‘Transfer ‘contents of © Dyer ttow | “Channel Le - ee one ean 
'. buffer preset. regis: anaceuaa | enable = ~~ enable —— enable 
ter to counter (in- enable 7 eo ee ee ee ee, Dee 
clusive or) if mode | on a 


22001 and overflow is. _ 
cleared. oe : 












ae This. register, is loaded from, AC by | tor 6134, CLEN (Load Clock | Enable eS 
Ss Foote es ie oe oe ee: soe . 
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lock Status Register 
This is the "who done it" register. ‘When an external 


event or overflow occurs, 
entire register is available for program interrogation 


If more than one event occurs before this register is 
read, another bit is set indicating an. event overlap condition 


o ad . 


Tf the overlap.event is on the same channel | 


a "pre-event" bit is set. 


Fvent Event. Event - 


_— Channel 1 ce ‘Channel. 2 Channel s bn 





Overflow — 





_Pre-event: -Pre-event. | 
Channel a Pe eee 2 Channel 3 


The status register is transferred to the Ac with IoT 


6135 CLSA (clock Status to ac), inclusive or reading the status 


register clears all event indicators including the overflow flag. 





Clock Handling Instructions s (a mode) 


6137) ener “Clock Counter to AC 


AC cleared first, poner the counter contents 


tnfn to AC. 





y 6136 cA puffer proses to. AC 


ee ao 





a bit is set in this register and the 


as the first event, 


Spraseuen is 


‘is edaionoys ca to. the buffer/preset register 


cane ae 
een rerentcinenme nea 





oS Brat gee ae te | ae tn, oh 
‘rp eh.» SALBSMEN'S SEMINAR“). 0-8 0 te | | 
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. | | — ons ae 
6133  CLAB e AC to Buffer Preset | 
‘ AC is unchanged. Previous contents of | 
puffer preset are unchanged. pee | = 40 
6131 _ CLSK kip on Clock Interrupt _ 
| - KW12 REAL TIME CLOCK 
SUBROUTINE SETUP PACKAGE 
(The subroutine described below is contained on fhe Deno rape: 
| It is iaigtea in the. DIAL Index as KW12SUB. ) 
:  ostract a ae ee. ee a 


| ‘This ‘package of subroutines contains the necessary fixed 


a protocol required to start ‘the KW12. “The main ‘program need only, 





epoo iy the working settings of the clock control register, the : 
clock enable register, and. the clock counter. It is emphasized 


that: this: subroutine, “package is | designed to initialize the clock. 





| Clock interrupts must be handled using ‘the CSA (6135) instruction. 
aa peer 7 i | oe 
Ete oabkage Gf eubecet ince uses 147: (octalio. 95 (deena 
Location 
the. first location, ie this | subroutine package = should |d be assembled 
inte the. first location of any B-mode page with the rest of t the 





program | following in successive locations. The subroutine is pen 
ote to start in. location (6000), of bank a unless changed by the 


user, 


oe ee ae 
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* 





oo 


This ‘subroutine package has. five B-mode entry poreee st that 
are indirectly called as follows: | 


JMS I .+1 i, Indirect jump to subroutine — 
— KWxxxx ae / whose location is contained _ 


2 in ‘the “Location immediately 
i / following the OMS | 
In using one of the entry points, the subroutine will ook 
. for data contained in the third, fourth, and fifth locations ‘ar 


_ following the JMS.” “In all cases ‘except where the clock ot 





FS dgonter “ie tobe reed, ene’ AC and Link of the main program 
are preserved. 
_. The entry point KWMEASure is. used to. eee Gp tte coer to 
measure events or Gnveruaic of fine,” we ee eae 
of the. Glock: Gonteol: peglateds clack enable register, and 
om the number of counts to ‘overflow are specified . in the. ‘bestions = 
folowing © the Ms as ‘follows: | 
See ea ss JMS. to. prenies point: -KWMEAS ~ ar ee 
242 €1C203C4 ee clock control bck ico setting gS 


430 BUFF Bo No. Of: counts. to overflow me en 
— t4 EVEQE3Eq / clock enable sical setting oe 





eee a control returns here 
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Other entry points are used as follows: 


eo ; " 


ae 


Ae 


ee re 


: "Examples " 


The following is a program chow ring the Teletype, bell to time 


“Per ‘second. 


te Begin, 


SMS TI .4l. 
_ KWSTOP 


JMS I AL 
KWCONTinue . 


OMS I .41 


KWREAD _ 


eA Sg 


“JMS I te 
KWMEAS - eee 


pias 


check, 


ieigiaed 


CLSK 0505 5°) 


» CLSA. 


cin 


s~“sNNNS 


aoe a 


Se. 


Sees 


Stop the clock but preserve 
software control, enable, and 
‘buffer registers 

Control returns here with AC and 
ak preserved | | 


Restart the clock using 

the settings contained in the 
software registers - | | 
Control returns here with tne AC 
and - els eee 


Read the clock eganber into the AC 
If ence has occurred, set’ 
link = 1, otherwise link gy ac 
control returns here | ee 


ES 


“MS: indirectly to Sere 

loc KWMEAS_ era ee 
rate =. 128 He “Mode =e) ee ae 
144 octal or 100 eecimas counts. 
to overflow: 

interrupt on. clock overflow - - 
(6131) skip on ere, interrupt _ 


| oe Wait | 
Coe ge Clear’ Clock Flaq (6135), 
f/f Clear ACO 


i * x = ; . ro x a Se ies sf 
; 7 " ° 3 3 : 
& Po ghae f venck? 


men 
sec ee 


2 mo. ee 
AE ee TO 


= the: peocens: Si ciesceates Ba 
read, the buffer preset register _ 
is restored to the contents of eS 
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are pari: et 
11/25/69 


‘Check, | 


Begin, 


TAD K207 
TSF 


IMP .-1 


TLS 


JMP check _ 


K207, 0207 


IMS I atl 


_ KWMEAS— 


— 61GB 


er oe 


CLSK. 


i CHSAG. © 
CLA 


TAD K207— 


TSP. 


OMP 1: oe 
shee PE te 
JMP CHECK | 
“'K207,° 0207°°: 


a : ee = 


Load 207 into AC | | oe - 
Check eee flag_ a od 


ste 


/. 

/ 

/ Output AC to Teletype 

/ Go back and wait. for next 
/ clock overflow — 7 

J Symbol definition 

/ 
f 


append KW12 set up subroutine 
package | 


°o 


The following is a oe 1 that will ring the Teletype: bell 


“2 after counting 60 events on external channel 1: 


“MS . indixestly to ere 
location KWMEAS ee oe 
Rate = chan 1 Mode =1 © 
Interrupt after Vale or (60), 
“Coes ae 


Enable nes 1 os 
interrupt. on overflow. 
(6131) SRYD on clock interrupt 
f Wait 
/ Clear clock flag (6135) 

Clear PAS bot gigs ge 
Load AC with. (207), 
Test nae ae flag" 
Wait | 
Ring meri: 
Jump to wait loop - aoe 
Symbol definition Gg Bak 
“append KW12 cmnere subroutine 
— gee | S 


SS | 


et peot tos. 
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6133 #CLAB- AC to Buffer Preset | 
wee es | —. oo be 
AC is unchanged. Previous contents of ; 
: buffer preset are unchanged. 
6131 CLSK | skip on Clock Interrupt 
- ss KW12_ REAL TIME CLOCK 
SUBROUTINE SETUP PACKAGE 
(The subroutine described below is contained on the Demo Tape. 
«Tt is listed in the DIAL Index as KW12SUB.) _ a ant a | 
' Abstract Oo es so, o ee oe | 
This package of subroutines contains the necessary fixed 
‘protocol required to start the KW12. The main program need only _ 





oe specify the ae settings of the clock control register, the. 
clock enable register, and the. clock couneers It is emphasized 
that this subroutine package is designed to initialize | the clock. 
| Clock interrupts must be handled» using the (CLSA (6135) instruction. 
a ‘Requirements 1s toad 7 ee he ee Bee | eyes. | “FS 
Storage 
This package of subroutines 3easc137 (octal) or 95° (decimal). - 
Location. 


‘The first location of thin ub proutine package should be assembled 





| into the first Location . of any 8-mode page with ‘the rest of the | 
ee 7 | ee ne | oe 
| program following in successive locations. ‘The subroutine is s pres” 


e ees: : ares 3 = : : ‘ , 


set to start in “location, (6000) g of bank s unless changed by the 











cd : = 
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Usage 


Calling Sequence 
This subroutine package has five 8-mode entry points that 
are indirectly called as follows: 


oMs Deed / Indirect jump to subroutine 
KWxxXXX f whose location is contained 


f in the location immediately ; 
/ following the IMs. 
In using one of the entry points, the subroutine will look 
for data contained in thethira, fourth, and #ieih locations © 
— following the JMS. In eo extept where the ‘clock 
counter is to be read, the AC and link of the main canal 
are preserved. 
The entry point KWMEASure is used to set up the clock to 
‘—inmiee events or inberoais of time. The pebine wonanke 
of the cludk Ganbeuk eubideee: clock enable register, and 
the number of counts to overflow are specified in the locations 
following the JMS as follows: 
Das 2 ad Pes : ee | 
velo KWMEAS’) -/ JMS to entry point KWMBAS 9° 0: 
o+2 C1C2C3C4 / clock control register aidan 


.  et4 " EVEQE3Eq  / clock enable register. setting=(6 0" 


5 fF control returns here 

















<5 * SALESMEN'S SEMINAR © 
KW12 REAL TIME CLOCK 





Other entry points. are used as follows: 


‘ JMS TIT .+l / Stop the clock but preserve 
ot) KWSTOP : / software control, enable, and 
a | te / buffer registers | | 
+2 | / Control returns here with AC and 
| ee cae Oe _f link preserved | 


i JMS I .+1]. / Restart the clock using | 

etl  KWCONTinue / the settings contained in the 

x *s.. = _/ software registers 

+2 | / Control returns here aii: the-Ac ° 
| | f/f and link preserved | 


eh. MS LT FL 


Read the clock counter into the AC 
+1- KWREAD © 


If overflow has occurred, set 
link = 1, otherwise link = @ 
Control returns here © | 


aR 





In the process of performing the. 
read, the buffer preset register. 
is restored to the contents of | 
KWBUFF'. —— | ; 


NA RR 


‘Examples 
The following is a program to ring the Teletype bell 1 time 
per second. 


Begin, JMS I .+1  / JMS indirectly to. 
ss KWMEFAS = =—“‘<i‘é« YZ «~*dcct:«~KWMEEASS © ys 
5198 si(‘(ié‘ YF «*rtte = YO Hz Mode = 1 | 
$144 £144 octal or 100° decimal counts . 
ie Uo fF to overflow ~~ : 
te on PP OIG / interrupt on clock ver flow | 
oS ChecK, CLSK 2 oF (6131) ase on oooe area: Ase 
“eos ho JMB Check 20: 7 Wait 
oS CLSAT os ef Clear. Clock Flag (6135) 
ER eo ae Ft Shear: AC 





. > ey 





oo terrupts must be handled using the CLSA (6135) instruction. 


KWLZ2SUBC 


A eae ee a oe | oe 
- KW12, REAL TIME CLOCK, SUBROUTINE SETUP PACKAGE © _ 


1.0 “ABSTRACT 

This package of subroutines contains the necessary fixed protocol 

- required to start the KwWl2. The main program need only specify 
the working settings of the clock control register, the clock pee 
able register, and the buffer pacetee: It is emphasized that this 


_ subroutine package is designed to initialize the clock. Clock in- 


2.0 REQUIREMENTS 





ae STORAGE 


od 137 octal or 95 decimal locations are used by the KW12 subroutine | 





_ package. 


2.2 Location 


a The first location of this subroutine package should be assembled 





into the first location of any 8-mode page with the rest of the 
_ program following in successive locations. The subroutine is preset 


ve to start in location 6000, of bank f unless changed by the user. 


263 Equipment 
‘Basic PDP-12A or B with KW12 option. 


_. KWL2SUBC-1 





sarees arr an ari er Toametterenceme rene tn MoS RiTS Trae orm rete inert emmmeny tp ROASTER 











3.0 USAGE ~ 


3.1 Calling Sequence 
This subroutine has five 8-mode entry points that are indirectly . 


called, as follows: 


JMS I tl /INDIRECT JUMP TO SUBROUTINE 
| | /WHOSE LOCATION IS CONTAINED 
KWXXxx /IN THE LOCATION IMMEDIATELY 


/FOLLOWING THE JMS 


. In using one of the entry points, the subroutine will look for 
data contained in the third, fourth, and fifth locations follow- 
ing the JMS. In all cases, except where the clock counter is to. 


be read, the AC and link of the main program are preserved. 
| 4,0 DESCRIPTION 


ee 4.1 Discussion 
_ The entry point KWMEASure is used to set up the clock to measure 
Ge events or intervals of time. The working contents of the clock — 
_ control register, clock enable register, and the number of counts 
‘ to overflow are specified in the seat bons following the JMS as 


- follows: 


So KRWI2 STROOD 











Lo 


..).OOUMS OI el 


etl KWMEAS /IMS TO ENTRY POINT KWMEAS | 
ef2 C4C5C3Cy /CLOCK CONTROL REGISTER SETTING 
ot+3 BUFF os /NO. OF COUNTS TO OVERFLOW : 
oth E,EQE3Eq4  /CLOCK ENABLE REGISTER SETTING © 


tS /CONTROL RETURNS HERE 


‘The first two octal digits of the control register setting control _ 


i the rate and mode of the clock respectively. The last two digits 








are used to simulate inputs from the external channels. The inter- 
- pretation of Cy is as £ollows: 


Cj Rate 





STOP 
400 KHz 
100 KHz 
10 KHz 
1 KHz 
100 Hz 


Sd 


Count occurrences of events on external channel 1 


nun pA WY NY FY B 





‘ — in KW12SUBC-3 











‘The interpretation of Co, the mode control, is as follows: 


| | C2 Mode 





| g Counter runs at selected rate and overflow is set after 4096 
— counts. The counter continues to run and the overflow must be | 
cleared by the IOT 6135. 7 ! 


-. 1 Counter runs at selected rate. Upon occurrence of overflow 

Caused by the most significant bit of the counter going from 
l to Y, the contents of the buffer preset register is trans- 
ferred to the counter. 


2 Counter runs at selected rate. Upon occurrence of an event | 
on an enabled channel, the contents of the counter are trans- 
ferred to the buffer preset Sa ae and the counter continues 
to run. ; 


"3. Counter runs at selected rate. Upon occurrence of an input 
- event on channel 3, the contents of the counter is trans- 
ferred to the buffer preset register and the counter is 
reset to 9 from which it continues counting. Inputs on £™* 
Channels 1 and 2 behave as if Co=2. 








"  Kwl2suBCc-4 














| The counter runs at the selected rate and overflows every 

| 4096 counts. Upon the occurrence of an overflow, an A/D 
conversion is initiated if the fast sample mode is in use. 
Overflow must be cleared by the 6135 instruction. Note 
that when in this mode A/D conversions are inhibited unless 
a Clock overflow occurs. | | 


5 This is treated as the combination of 
(Cp=4) and (Cy =1) 


6 (Cy = 4) and (C5 = 2) 
7 (Cp =4) and (Co =3) 
BUFF is an octal number from 1 - 7777g and is the number of 


desired counts to occur before the counter overflows. The 


subroutine places the 2's complement of BUFF in the buffer . 






preset register and initially in the counter. 


ane | 
The last 3 digits of the enable register setting are interpreted | 


as follows: 





Bp) Function 


0,2,4,6 No Function 





29" 3.5.7 Cause clock interrupt on counter overflow. 


E3 Function 


D No Function 


Enable interrupt on channel 2 if channel 2 input 
enabled. -_ 


Enable input on channel 1 

(E3 =1) and (E3 =2) 

No Function _ ae = : — 
Same as E3 = L 


Enable input and interrupt on channel 1 





| Function 

No Function 

Nei nection 

Enable input channel 3 . 

Enable input and interrupt for Channel 3 
‘Enable input channel 2 


Same as E, =4 





(Eg =4) and (Ey = 2) 


3 oO Cars Ww N SE |e 


(Bq 24) and (&,=3) 





: = _ KW12SUBC-6 : aes 





ia a 


7 upon entering the KW12 setup subroutine package at point KWMEASure, 





ee the subroutine retrieves the locations . 2, 3) and . 4, consider- 





ing the location (.) to be the ieeeticns of the JMS I . oe The 

-. contents of cease duesctons are stored in software created control 
(KWCONR), enable (KWENAB), and buffer registers (KWBUFF). Then 

e the clock is set up to per torn the specified tasks. Control is 

a returned to location . 5 with the AC and link preserved and the 


clock running. 


--. Other entry points are used as follows: 





. JMS I .+1 | /STOP THE CLOCK BUT PRESERVE 
etl KWSTOP | /SOFTWARE CONTROL, ENABLE, AND 
' /BUFFER REGISTERS 
442 “i /CONTROL RETURNS HERE WITH AC 
m 4  /AND LINK PRESERVED © 

‘ JMS I .tl  /RESTART THE CLOCK USING i tee | 
e412 KWCONTine =  $$/THE SETTINGS CONTAINED IN ik Se 

| | /THE SOFTWARE REGISTERS ar 
ot2 |  /CONTROL RETURNS HERE WITH 

) /THE AC AND LINK PRESERVED 

. JMS I .t1. /READ THE CLOCK COUNTER INTO 
etl KWREAD  $=‘/THE AC. IF OVERFLOW HAS 


/OCCURRED, SET LINK -1, 
| | /OTHERWISE LINK=@ 
o+2 - ,- “CONTROL RETURNS HERE 


/IN THE PROCESS OF PERFORMING 
/THE READ, THE BUFFER PRESET 
/REGISTER IS RESTORED TO THE 
| /CONTENTS OF KWBUFE 








sat 


ot2 








¢ 
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OMS I .t+1 
KWINIT 


 /INITIALIZES THE CLOCK AND” 
. J/CLEARS SOFTWARE CONTROL, 


_ /7ENABLE, AND BUFFER REGISTERS. 


* 


EXAMPLES _ 


7 CONTROL RETURNS TO MAIN 
/ PROGRAM HERE WITH AC AND 
/LINK PRESERVED. 


The following is a program to ring the Teletype 


bell 1 


BEGIN, 


CHECK, 





time per second: 


JMS I .tl /IMS INDIRECTLY TO 


KWMEAS 
5199 
g144 


G1P 


CLSK 


JMP CHECK — 


CLSA — 


CLA 


TAD K207 


/LOC KWMEAS 

/RATE = 10% Hz, MODE =1 

/144 OCTAL or 188 DECIMAL COUNTS 
/TO OVERFLOW. | 
/INTERRUPT ON CLOCK OVERFLOW | 


/ (6131) SKIP ON CLOCK INTERRUPT 
SWAIT 

/CLEAR CLOCK FLAG (6135) 

/CLEAR AC 

/LOAD 207. INTO AC 


LO RWI ZSUBCHB 50S Sa eae pee 











TSF _ -- (CHECK TELETYPE FLAG 


Se Ee OE re ae es I re ee ee eT Ne er eee en ee a a aT ak a ea aT Te 


7 JMP .-l- | 
he TLS | /OUTPUT AC TO TELETYPE 
JMP CHECK : /GO BACK AND WAIT FOR NEXT 
| /CLOCK OVERFLOW 
K207, 0207 /SYMBOL DEFINITION 


/APPEND KW12 SETUP SUBROUTINE 
/ PACKAGE | 


The following is a program that will ring the Teletype bell. 


after counting 60 events on external channel 1: 


BEGIN, OMS I etl /IMS INDIRECTLY TO 
| _ KWMEAS /LOCATION KWMEAS 
: a | 6199 /RATE= CHAN 1, MODE =1 
ae: | BB74 | /INTERRUPT AFTER eg 
ere a | | / (60) 19 COUNTS 
12g /ENABLE CHAN 1 INPUT 





/INTERRUPT ON OVERFLOW 





“WWI2SURC-9. 20, 








CHECK, CLSK > «7 (6131) SKIP ON CLOCK INTERRUPT 


JMP CHECK | /WAIT 

CLSA /CLEAR CLOCK FLAG (6135) 
CLA /CLEAR AC 

TAD K207 /LOAD AC WITH (207) 

TSF /TEST TELETYPE FLAG 

JMP .-l  JWAIT 

TLS  Y/RING BELL 

JMP CHECK | /JUMP TO WAIT LOOP 


K207, 0207 | /SYMBOL DEFINITION 


/APPEND KW12 SETUP SUBROUTINE 
PEDEESGE 
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-DFRQANA or FROANA | 


original author: A. M. Engebretson 
So to run under the PDP-12 DEMO Monitor by: Jerre Caputo, 
- | DEC, Washington, D. C. © 





ABSTRACT au 
€ PG." 


Ls—program performs frequency analysis eeeuiting in sixty-four 





component cosine, sine, and rms spectra. Data and spectrum 


woth uf } ? AS < 
C ON hoo Ade. wi ines oo + 


displays can be scaled; Seaynthevse -of. the original data may 
| also—be—performed from the sine and cosine components to check 


visually the accuracy of the analysis. {See _Sec..4, for a 


ate ibe, Rigg Fo i antoaggy, 


frequency-domain-description. A note on the use of FROQANA to | 


~ 


“notch: filter data can be found following table 3 of this weiteup.) 


De ene RD al a al 








USAGE anne AA Staak ie 4 > ; 
What plo las di | —— pare’ 
At -lead—time; and each ae R is typed, the-wsexr-has-bhe. My CD) oy — 
wo ec, aan AUPE VA Ty ov 
ity to,retrieve|‘new “Srypat. data/;from LINCtape by €thding— pater 2 
).. 


CLV an ie | ca Rae ad “yr “3 a r eS j ; a. j 
op the -display..from the_teletype | seyboard: The | 





— 


display asks : 
) RETRIEVE DATA 
(2 BLOCKS) 


STARTING AT BLOCK ___ 





UNIT _ 
cpmbott oe 


Bhe~wser types the} first of two consecutive LINCtape blocks to. 


APraosatios RETURN Karp. 
ading zeros must be typed, and—the-btock-mumber~ 





be snalyzedg” 





! HLowed-by-prossing.the-RETURN-Keye The user then 
types the tape anit number to be read, O- 7, followed by pact | _ ny rae 


bea deh The two. blocks specified are read in and displayed. 





©: Pig 
or pes \inpuy data wes then be scaled -targer by typing a to increase 


‘FROANA-L 





she vertical scale by 50 peecea: or - by eysiee S to decrease 
| Coe fp a> Vy SBMS ‘wen tap 
paae vertical scale by 50 percent, reperteciy—in-each cases J 





— To per form the frequency analysis, the-wser-types’ F. When 
" the analysis is complete, i a ne eal aa according | eo, 
to which display option previously has ‘been chosen. Display 


options are summarized in Table ies 


~ To compute the resynthesized waveform from the frequency 
components, the-tser typeg T. Again, the display will reappear 


according to the display option that had been chosen. When-the. 





oe 


' 


‘display option is I, €ox- input data, the sacuud trace witi-be WS 
the resynthesized waveform. The input data can be compared 
with the resynthesized waveform by burning Ano’ L. Knob 1 is 


trace separator, affecting only the vertical display of the ak ae ig * 
2 6 Naha uh TA | ar 
aate. When\fully counterclockwise, the top trace is the original 


\. 


data. é | | | $ 





A At any time during operation, a different display may be 

selected by typing the appropriate key. To select the input 3 2 
data and resynthesized waveform display, the user types I. This 
is the display that Soeaaus immediately after -program ‘start. or 


restart. 





_ -FROANA-2 — 








on me 
~ thos con. bt Dia: ag 


Soap at tom 
Rn Ae 


| | oO, |. 4 
ee 5, oft frequency component display! appearg 






‘th the cosine components on the left and the sine components 

on the right wiliappeary These can be scaled using Knob 2. 
TO —— = rms spectrum for display, type P. This display 

Cae — 

ae $@alable by Knob 2% 


- : Oo 
Each bar in the graph of the components and the rms spectre 


represents a single frequency component from 1 to 64, 1.@., the 
first bar is the component for: the 1 cycle signal generator and 
the third bar is the component for the 3 cycle signal generator, 
“etc., up ‘through 64. The absolute frequency of the analyzed 
. waveform components can only be obtained by taking the time 
eosiod. Fepresented by ‘the S12 data points sampled ; this will 
@«y depending on the ener rate used to collect the data. 
Lf the sampling rate were 512: wee, /sec., when the data was 
taken, then each or of the cg tauaice: absolute 


~ components of the frequency domains 1 through 64. If the rate 





were 1024 pts./sec., then the bars would representyfrequencies 
2,4.+.128- cps. 
ail er the user wishes ee select new input. data 


Nin. oe LH ee tAg \dan. 
for analysis, he simply Syn R to feturnto-step it i a 





- FROANA-3 





MELT Te eT ee net eerste tem area TnI 


FROANA Cfrniante 


Table iL’ 
>t \4 


o ee COMMANDS 





‘Knob 1. a Trace separator (original data and resynthesized data) 
_Knob 2 oe Modify spectrum scale 


TELETYPE COMMANDS | 


F | ae ce ed Coefficients 
A - Resynthesize F Jed 


lod 


S 3G cate gaetier nytt 
; Endo neer 
| - Yiake data oo by half 
Ps ~ Display power spectrum 
CPs - Display sine and cosine gomponents 
I _ pe data (and toeunenaeised data if T 
has been typed) 
ee % POA RA 
R te Retrieve data from tape 









PR -RAM OPERATION 


¥ 


uses, DEMO | Monitor commands RETV oon 5) o obtain the starting 
‘ f \ 7 
blo k ymber of FROANA and i lay al 12) and KBD (OPR ex to handle 


and 





Keyboard commands. 


When PROANE is loaded under the DEMO Monitor, an es oe is made a. 
load blocks containing cosine tables into the second 4K of core. 

Tf there is no second 4K, the toed 14 nob completed: this will 64% 
not affect program operation. The program starts at LINC 


. location 20 and control is immediately transferred to code in 






LINC segment 2 to set up data retrieval procedures for later: >. 


Overlays. 





vat oN 
_FROQANA- under the DEMO Monitor relies heavil on overlay capabilities | Leen 
aos aay ava we 








a eet NA be Nee he Ne hee tt os aaa aaa ae aaa WF NALA Sg atv adn b 5 aaa oJ Wo SALLI bb Co) 
to anes the user concerning data blocks to ‘be andigess. “This 
code. is assembled in the same segment as “DEMO. Summary and Help 


Text, and the ‘two tape blocks containing this data (blocks 4, 






| Fa S, “Table A). are transferred directly to the help frame 


blocks used by the DEMO Monitor and stored as source files. 


_ Immediately after Line Feed is pressed in the QANDA routine, 
LINC segments 2 and 3 of the program are overlaid with input 
data and cosine tables. The program then begins operation, > 


| as described in the USAGE section. 


Whenever R is typed, LINC segments 2 and 3 are overlaid with 
‘ QANDA and text to query the user. The commands to do this 


are the same as those used during program initialization. 


Memory allocations at query time and at run time are described 


in Tables 2 and 3. To avoid confusion and illustrate the | See Fe BS 





complete contents of core, both LINC segments and PDP-8 absolute 
addresses are given. Tape block allocation is illustrated in 
‘Table 4, The block numbers listed are relative to the starting 


‘block number on tape. | 


WARNING © 


‘The 3 name of ‘the ‘program, . DFROANA, is specified in the earicca 


a oe. 
{file set up in relative block number 5 at Location 334 of FROANA. ae 





SOLS FROANARB O00 U8 ee 




















If the name under the DEMO Monitor is | changed, then this ya Da co. 
| rn a> dF f 4 
tape black wast as changed also. LAP | 
TABLE 2. | 
MEMORY ALLOCATION AT QUERY TIME 
LINC Segment MemBlks PDP-—8 Contents 
| Location 
O-1 Oat: 0-3777 DEMO Monitor 
ay. 0-14 4000-4577 Program 
iy ee 1-3 4600-5777 Unused core 
Sie 1 6000-6377 Program summary text, © ‘ 
aa help text | 
2 2 6400-6777 Help text, retrieve 
data text, code to © 
handle subsequent 
overlays 
3 3-4 7000-7777 QANDA and code to 
display text, decode © 
answers | 
 FRQANA-6 











) ee a PDP-8 | iz 
, INC Segment . MemBilks Location | __Contents | 
8 OL Ne. . 007 043777 ~=—Ss« DEMO Monitor 
2 0-1 = 4000-4577 Ss Program 
Gate ae 1 4600-46772 Sine spectrum 
2° go et a 1 (4700-4777 | Cosine spectrum 
a eo 5000-5777 —« «Synthesized time 
ns function 
3° Coa “OL | 6000-6777. | Input data 
3 ees 2a3 7000-7777 Cosine table 


Note that each section is 64 words long, i.e., each word in 


the sine table contains the value of the sine component 
Ppassociated with a frequency component and likewise for the 
cosine component table. After F has been typed, these tables 


are filled with sine and cosine data representing the phase 


angle and amplitude of the 64 signal generators. These 64 


i. 





} 


) the: sine-cosine| ‘components representing the frequency ganeta-.. 


atime . 


generators, when run out mathematically as in the FOURIER 
_ series computation, will regenerate the original data almost 
as accurately as when it was taken. The way to produce a notch 


filter effect then would be to attenuate to zero whichever of 
Co 


tor. are to removed £xom the ease e@. g. to remove 60 cycle | 


ie from the signal zero the 60th sine and cosine component of core ; 


rom the console using the switch registers and deposit key. 


~The above example assumes S12 pt/sec. sample rate at data ataking 


wRoamaeT 


eer sae RRA NR NG AE AERA oy GME tate ee owe 











_ Relative Block No. 





10 


oll 








id 


Contents 3... 


ae 


. Standard DIAL — 


header block 
FROANA | 


FROQANA 
Summary-Help iL 
Help 2. = Retvieve 
QANDA 

QOANDA 

Cosine Table 


Cosine Table 


ee FROANA-8 


Residence in Core 


Never gets to core 


4000-4377 
4400-4777 
6000-6377 
6400-6777 
7000-7377. 
7400-7777. 


10000-10377, 


10400-10777 
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